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HYPERBRANCHED PQIiYESTERS AND POLYAMIDES 

Background of the Invention 

The present invention is directed to the preparation of 
high molecular weight hyperbranched polyester and polyamide 
polymers. The polymers are produced by a one-step process 
which entails polymerizing specific monomers of the formula 
A-R-B2 in such a manner that side-reactions, i.e. reverse re- 
actions, isomerization, crosslinking, and the like are substan- 
tially avoided. 

p. J. Flory, J. Am. Chem, Soc. , 74, 2718 (1952) and Prin - 
ciples of Polymer Che mistry . Cornell University Press, 1953, 
pp. 3 61-70, discusses the theory of condensation polymeriza- 
tion of so-called ABj^-type monomers wherein A and B func-" 
tions condense together to form branched polymers. While theo- 
retically such polymers should be of high molecular weight, 
such has not been the case in actual practice. The only spe- 
cific disclosures of such polymers are obtained by (i) the 
Friedel-Crafts condensation of benzyl halides in the presence 
of a MX3 catalyst wherein X is a halogen, (ii) the elimina- 
tion metal halides from alkali metal salts of trihalophenols , 
and (iii) intermolecular etherif ication of D-glucose in the 
presence of dilute acids to form a soluble polyglucose. Hyper- 
branched polyester and polyamide polymers are not disclosed. 
Also, only low molecular weight polymers, i.e. less than about 
1,000 daltons, were obtained. 

A recent attempt at producing a poly (arylene) polymer by 
following Flory 's theory has also resulted in a polymer having 
a number average molecular weight below 10,000. Kim et al., 
J > Am. Chem. Soc- , 1990, 112, 4592-3, and Kim U.S. Patent No. 
4,857,630 disclose wholly aromatic poly (arylene) polymers pre- 
i pared by the hombcoupling of (3 , 5-dibromophenyl) boronic acid 

in a mixture of an organic solvent and aqueous sodixim carbon- 
ate along with a palladium-containing catalyst. The molecular 
weight of the polymer was found to depend on the organic sol- 
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vent and temperature employed during polymerization and addi- 
tion of additional monomer at the end of the polymerization 
neither increased the molecular weight nor gave a bimodal dis- 
tribution. Kim et al. could not explain what causes the molec- 
ular growth of the system to stop. Only low molecular weight 
polymers, i.e. about 5,000 daltons, were produced. During the 
polymerization, only single bonds between arylene groups are 
formed and no polyester or polyamide polymers are disclosed or 
suggested. 

Baker et al. U.S. Patent No. 3,669,939 discloses conden- 
sation polymeriz ing other ARB2 monomers , i.e. polyhydroxy- 
monocarboxylic acid aliphatic compounds, but only succeeds in 
generating polymers with molecular weights below 4,000 dal- 
tons. While the molecular weights obtained in Baker et al.- 
are not provided, the acid values which are provided permit 
the calculation thereof. 

In view of the previous inability to directly prepare 
high molecular weight hyperbranched polymers in accordance 
with Flory's theory, the art is replete with multi-step pro- 
cedures attempting to accomplish a similar result. For in- 
stance, Tomalia et al. U.S. Patent Nos. 4,507,466, 4,558,120, 
4,568,737, 4,587,329, and 4,737,558 disclose dense "starburst" 
polymers produced by allowing a polyfxinctional amide core mol- 
ecule to react with excess methyl acrylate in a Michel-type 
addition. Each arm of the resulting star-branched molecule is 
then reactivated to an euaine-terminated moiety by exhaustive 
amidation using excess 1,2-diaminoethane to afford a chain 
extended product in which each primary cimino group becomes a 
new branch point in the next series of Michael additions. The 
polymers are thus built up, layer after layer, from a core 
substance by selective condensation of fxinctional groups with 
each successive layer becoming a core for the subsequent lay- 
er. Only aliphatic polyamides and polyethers are exemplified 
and the monomers used are of the A-B type. 



Similarly, Denkewalter et al. U.S. Pat. Nos. 4,289,872, 
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4,360,646 and 4,410,688 disclose highly branched polyamide 
polymers produced from lysine - an A-R-Bj monomer having one 
carboxy group, two amino groups, and an aliphatic body - but 
utilizes a multi-step process of blocking the functional 
groups and then unblocking them. Only relatively low molecu- 
lar weight polymers were produced due to the inherent difficul- 
ty in obtaining complete reaction for each of the multiple of 
blocking, unblocking, and reacting steps. 

Extensive prior art exists on the preparation of linear 
aromatic polyesters derived from, for example, 4-hydroquinone 
and phthalic acid or derivatives thereof. Also, Kricheldorf 
et al.. Polymer Bulletin 1 . 383-388 (1979) discloses preparing 
linear aromatic polyesters by heating trimethylsilyloxybenzoyl 
chloride to greater than 150'C. Kricheldorf et al.. Polymer , 
23, 1821-29 (1982) discloses forming predominantly aromatic 
polyesters from 3-trimethylsilyloxybenzoyl chloride and incorp- 
orating small amounts, i.e. 0.6 to 16.6 mole %, of 3,5-bis(tri- 
methylsilyloxy) benzoyl chloride to produce a few branch 
points. The polyesters so formed behave as predominantly line- 
ar polymers since they contain only a few potential branches 
while the present' high molecular weight hyperbranched polyes- 
ters behave much more like individual particles. 

Accordingly, the art has failed to teach a method which 
succeeds in producing high molecular weight hyperbranched aro- 
matic polyester and polyamide polymers and it is an object of 
the present invention to produce such polymers to take advan- 
tage of their unique properties, i.e. of high polarity, low 
crystallinity, and lower than usual viscosity. 

Summarv of the Invention 

The present invention provides soluble hyperbranched 
aromatic polyester or aromatic polyamide polymers having at 
least 40% branching and a molecular weight of at least 10,000 
and 1,000 daltons respectively, as determined by gel 
permeation chromatography with polystyrene calibration. 
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pespyiptjon of the Prefer-^^H i^^ b odim^^^r^f « 

The soluble hyperbranched polymers of the present inven- 
tion are derived from monomers of the formula A-R-B, in 
whxch R IS or contains an aromatic moiety and A and B are reac- 
tive groups that (i) can take part in either an esterif ication 
reaction or an amidation reaction and (ii) yield a by-product 
which is gaseous at the conditions of the reaction. 

suitable aromatic moieties R for use herein include 
Phenyl, napthyl, bi-phenyl, diphenyl ether, diphenyl sulfone 
benzophenone, and the like. 

suitable A and B groups for use in preparing the hyper- 
branched polyesters include trialkylsilyloxy and acid halide 
Wherein the alkyl groups contain about 1 to 4 carbon atoms and 
the halide is chloride, bromide, or fluoride. Specific such 
monomers include 3, 5-bis(trimethylsilyloxy) benzoyl chloride, 
5-trimethylsilyloxy-isophthaloyl dichloride , 3 , 5-bis ( triethyl- 
silyloxy) benzoyl chloride , 3 , 4-bis (trimethylsilyloxy) benzoyl 
fluoride, 2, 4-bis (triethylsilyloxy) benzoyl bromide, and the 
like in Which the benzoyl group is replaced with other aromat- 
ic moieties such as those above. 

Suitable A and B groups for use in preparing the hyper- 
branched polyamides include trialkylsilylamino and acid halide 
wherein the alkyl groups contain about 1 to 4 carbon atoms and 
the halide is chloride, bromide, or fluoride. Specific such 
monomers include 3 , 5-bis (trimethylsilyiamino) benzoyl chloride 
5-trimethylsilylamino-isophthalamino dichloride, 3 , 5-bis (tri^ 
ethylsilylamino) benzoyl chloride, 3, 4-bis (trimethylsilyiamino) - 
benzoyl fluoride, 2, 4-bis (triethylsilylamino) benzoyl bromide, 
and the like in which the benzoyl group is replaced with other 
aromatic moieties such as those above. 

The condensation polymerization of the A-R-B, monomer 
xs preferably performed neat, i.e. in the absence of any sol- 
vent. Since the presence of a solvent has been found to sub- 
stantially reduce the molecular weight of the resulting hyper- 
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branched polymer. The polymerization rapidly occurs by heat- 
ing the monomer to an elevated temperature at which reaction 
between A and B will occur. The temperature must not be so 
high as to cause either monomer or polymer decomposition or 
degradation. Generally a temperature of about 150 to SOO'C. 
will be suitable with the lower temperatures currently prefer- 
red for producing higher molecular weight polymers. 

The hyperbranched polymers produced herein contain only 
four different structural units. The first unit is a "focal 
unit" in which the A group is unreacted and both B groups have 
reacted. Only a single "focal unit" is present in a polymer 
molecule. The second unit is a "dendritic repeating unit" in 
which the A group and both B groups have reacted to form ester 
or amide linkages. The third unit is a "half-reacted repeating 
unit" in which the A group and only one of the B groups have 
reacted while the other B group is unreacted and results in a 
termination point. The "half -reacting repeating units" reduce 
the overall degree of branching of the hyperbranched polymer 
while also contributing to overall growth and the unusual prop- 
erties of the hyperbranched polymer. The fourth unit is the 
"terminal unit" in which the A group has reacted but neither 
of the B groups has reacted. 

In the final polymer, it will be quite common for the 
work-up thereof to hydrolyze or otherwise change the unreacted 
groups to such as -OH, simple alkoxy groups, or carbamate. Al- 
ternatively, after polymerization is complete and before work- 
up, the hyperbranched polymer may be reacted with a monosubsti- 
tuted polymer chain terminating compound of the formula 
Y-R^-A, wherein Y is hydrogen or any functional group which 
is unreactive under the conditions of the polymerization, R 
is any aliphatic or aromatic moiety, and A is as defined 
above. Examples of suitable Y groups include such as ester, 
cyano, ketone, halide, nitro, amide, thioether, sulphonic 
ester, alkoxy, and the like. Thus, the outer surface of the 
globular polymer has a multiplicity of a single functional 
group . 
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The degree of branching (DB) of the hyperbranched poly- 
mers may be determined by the following formula: 



DB = 



Of dendri1-ir repeat 1nrT nni1-c-. + .^ ^^^.^ ^1 u.^i^-.^■.^ 

total # of units — 



wherexn the i is for the single focal unit since it also con- 
tributes to overall branching. As such, the DB must be equal 
to or less than i. The % branching is merely DB x 100. 

The hyperbranched polymers of this invention have a % 



branching of at least 40%, preferably 
branching for a particular polymer 



at least 50%, 



The % 



may be controlled. To 



crease it, for example, a polyfunctional core molecule 



xn- 



mg more than two B 



contain- 



ini- 



control K ""^^^ ^° initiate growth and 

control subsequent growth; the monomer unit can be added slow- 
t^rr /^^ction mixture rather than all being present 
txally; different reaction 
ion activation with such 
sources of fluoride ion; 
branching, small amounts of 



conditions can be used; fluoride 
as CsF, KF, or (n-butyl)4NF as 



or the like. 



To decrease the 



ating compound as described above 



an A-R-B monomer or a chain termin- 



mg the polymerization, 
branching 



may be added before or dur- 
Generally, however, as high a % 



as possible will be preferred with the theoretical 



maximum being ioo%, thogh generally the % branching 
exceeds about 80% 



rarely 



The molecular weight of the hyperbranched polyester pol- 
ymers xs at least 10,000 daltons and the molecular weight of 
the hyperbranched polyamide polymers is at least 1,000 dal- 
tons, both as determined by gel permeation chromatography with 
polystyrene calibration. The molecular weight of the polyes- 
f!L!, " preferably at least 20,000 daltons; more pre- 

ferably at least about 40,000; and still more preferably from 

Tooo t K r " preferably from about 

1,000 to about 50,000 or more daltons. In view of the report- 

™Lt rtf*^""^ equivalent weights, the actual molecular 
weight Of the polymers may in fact be substantially different 
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from these values. Also, in view of the molecular weights 
depending upon the specific aromatic groups present, the above 
numbers may need to be adjusted for other than simple benzoyl 
groups • 

The hyperbranched polyester or polyamide polymers have 
a generally globular shape with a substantial number of hydrox- 
yl, amino, carboxylic acid or ester groups located at the out- 
er surface of the globules. The presence of the multiplicity 
of a single type functional group contributes to the useful- 
ness of the hyperbranched polymers. For instance, when the 
groups are polar hydroxyl groups, the polymers are particular- 
ly useful in coatings since their adhesion to polar surfaces 
is enhanced over less functional materials. And when the 
groups are carboxylic acid, they can be transformed to ionic 
carboxylate units in basic medium to form a dendritic ionomer 
which will be useful in aqueous medium in coatings, additives, 
high resistance waxes, rheology control additives, and the 
like. In addition, the hyperbranched polymers exhibit very 
low crystallinity, very low compressibility, and a lack of 
shrinking. 

The hyperbranched polymers also exhibit a substantially 
lower than usual viscosity for such high molecular weight poly- 
mers. This is in sharp contrast to the higher viscosity ob- 
served with conventional linear and normal lightly branched 
polyesters and polyamides of lower molecular weight. Accord- 
ingly, the hyperbranched polymers are particularly useful in 
both high solids-contents and dry coatings. Also, due to the 
fully aromatic structures, the polymers possess high thermal 
stability. 

In addition, the hyperbranched polyester and polyamide 
polymers are expected to be useful in blends, as rheological 
modifiers, as stiffening agents, and the like, either alone or 
in combination with linear and/ or lightly branched polyesters, 
polyamides, polycarbonates, polyphenylene oxides, and the 
like. 
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In the following non-limiting examples, all parts and 
percent s are by weight xinless otherwise specified. 

EXAMPLE I 

Prepara tion of Trimethvlsilvl 3 . 5-bis f trimethvl - 

silvloxv) benzoate 
To a solution of 3 , 5-dihydroxybenzoic acid (50.0 g, 
0.32 mol) and trimethylsilyl chloride (113 g, 1.04 mol) in dry 
toluene (500 ml) was added dropwise triethylamine (108 g, 1.07 
mol) . The mixture was then heated at ref luxed for 3 hours un- 
der nitrogen, cooled, filtered and evaporated to dryness. The 
crude product was purified by distillation and the fraction 
boiling at 179-190"C. (0.3 mm was collected. The trimethyl si- 
lyl ester was obtained as a colorless oil (111 g, 90%) • 

Preparation of 3 . 5-bis ftrimethylsilyloxy^ benzoyl chloride 

To a solution of trimethylsilyl ester (42.0 g, 114 
mmol) in dry dichloromethane (60 ml) containing trimethylammo- 
nixm chloride (190 mg, 1.2 mmol) was added freshly distilled 
thionyl chloride (16.2 g, 136 mmol) dropwise under nitrogen. 
After the addition was complete, the solution was heated at 
reflux for three hours, cooled, and evaporated to dryness at 
room temperature. The crude product was purified by short 
path distillation at 175 'C. (0.3 mm) to give the acid chloride 
as a pale yellow oil (20.6 g, 65%). 

Polymerizatio n of 3 . 5-bis ftrimethvlsilvloxv^ benzoyl chloride 
The purified acid chloride (6.0 g, 19.0 mmol) was heat- 
ed with stirring under nitrogen in an oil bath at 200 "C. for 
one hour. Vigorous effervescence was observed initially and 
the reaction mixture solidified after about 30 minutes. After 
cooling, the residue was dissolved in the minimxim amount of py- 
ridine/benzene (1:1, ca. 10 ml) at 50*C. and precipitated into 
methanol (ca 1000 ml) . The precipitated polymer was collected 
by filtration and dried at 80 •C. under high vacuum for 3 days 
and was obtained as a light brown solid (91% yield) . Gel per- 
meation chromatology (with polystyrene calibration) showed 
that the polymer thus obtained had a weight-average molecular 
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weight M„ of approximately 150,000 and a polydispersity of 
3.O. The % branching was 55%. 

EXAMPLE II 

The procedure of Example I was repeated except that the 
polymerization was conducted at 250 'C. Vigorous effervescence 
was observed initially and the reaction mixture solidified af- 
ter ca, 15 minutes. After cooling the residue was dissolved 
in the minimum amount of pyridine/benzene (1:1/ ca, 10 ml) at 
50 C. and precipitated into methanol (ca 1000 ml). The pre- 
cipitated polymer was collected by filtration and dried at 80 
C. under high vacuum for 3 days and was obtained as a light 
brown solid (80% yield) • The polymer thus obtained had a 
of ca. 50,000 (by GPC with polystyrene standards) and a poly- 
dispersity of 2.0). The % branching was 55%. 

COMPARATIVE EXAMPLE A 
The procedure of Example I was repeated except that (i) 
the purified acid chloride (5.0 g) was dissolved in 1,2-di- 
chlorobenzene solvent (15 ml) prior to commencing the polymeri- 
zation and (ii) the polymerization was conducted at the reflux 
temperature of the solvent, 180 'C. The resultant polymer was 
found to have a molecular weight of only about 3,000 (by GPC 
with polystyrene standards) with about 50% branching. 

COMPARATIVE EXAMPLE B 
The procedure of Example I was repeated except that the 
acid chloride was not purified by the short path distillation 
before polymerization was attempted. The subsequent polymeriz- 
ed material was insoluble and thus no data could be obtained. 
It was discarded. 

COMPARATIVE EXAMPLE C 

The purified acid chloride (6.0 g, 19.0 mmol) of Exam- 
ple I was dissolved in dry tetrahydrofuran (THF) solvent (10 
ml) and added dropwise to a solution of tetra-n-butylammonium 
fluoride (1 M sol in THF, 39.0 ml, 39.0 mmol). After stirring 
at room temperature for 3 0 minutes, the reaction mixture. 
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which contained a heavy precipitate, was evaporated to dryness 
and redissolved in methanol (20 ml) . The polymer was then 
precipitated from the methanol solution into a 1:1 mixture of 
cone. HCl and water. The precipitated polymer was collected 
by filtration and dried at 80 'C. under high vacuum for 3 days. 
It was obtained as alight brown solid (91% yield). Gel permea- 
tion chromatography (with polystyrene calibration) showed the 
polymer to have a weight -average molecular weight of about 
7,000 and a polydispersity of 1.35. The % branching was 50%. 
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Claims ; 

1. A hyperbranched polyester polymer characterized in 
that it contains aromatic rings, has a molecular weight of at 
least about 10,000 daltons as determined by gel permeation 
chromatography with polystyrene calibration, has at least 40% 
branching, and is prepared by a condensation polymerization of 
a monomer of the formula A-R-B2 wherein (i) R contains an 
aromatic moiety and (ii) A and B are chemical moieties which 
are reactive with each other to form an ester linkage in an 
esterif ication reaction. 

2. The polymer of Claim 1 characterized in that the 
aromatic moiety is selected from the group consisting of 
phenyl, naphthyl, bi-phenyl, diphenyl ether, diphenyl sulfone, 
and benzophenone. 

3. The polymer of Claim 1 characterized in that a 
monomer of the formula A-R-B is copolymerized with the 
A-R-B2 monomer. 

4. The polymer of Claim 1 characterized in that a 
poly functional core monomer having more than two B groups is 
copolymerized with the A-R-B2 monomer, 

5. The polymer of Claim 1 characterized in that the 
ester if ication reaction generates a gaseous by-product. 

6. The polymer of Claim 1 characterized in that the 
reaction generates a gaseous by-product. 

7. The polymer of Claim 1 characterized in that A is 
trialkylsilyloxy wherein the alkyl groups contain about 1 to 4 
carbon atoms and B is an acid halide wherein the halide is 
chloride, bromide, or fluoride. 



8. The polymer of Claim 1 characterized in that B is 
trialkylsilyloxy wherein the alkyl groups contain about 1 to 4 
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carbon atoms and A is an acid halide wherein the halide is 
chloride, bromide, or fluoride. 

9. The polymer of Claim i characterized in that the 
monomer is a bis (trimethylsilyloxy) benzoyl chloride. 

10. The polymer of Claim 1 characterized in that the 
monomer is 3,5- bis (trimethylsilyloxy) benzoyl chloride. 

11. A hyperbranched aromatic polyester polymer having 
a molecular weight of at least about 10,000 daltons as deter- 
mined by gel permeation chromatography with polystyrene cali- 
bration and having at least 40% branching. 

12 . A hyperbranched aromatic polyamide homopolymer hav- 
ing a molecular weight of at least about 1,000 daltons as de- 
termined by gel permeation chromatography with polystyrene cal- 
ibration and at least 40% branching and prepared by a bulk con- 
densation polymerization of a monomer of the formula A-R-Bj 
wherein (i) r is an aromatic moiety and (ii) a and B undergo 
an amidation reaction at a temperature of about 150 to 300 "C. 
which generates a gaseous by-product. 

13 . The polymer of Claim 12 wherein R is selected from 
the group consisting of phenyl, napthyl, bi-phenyl, diphenyl 
ether, diphenyl sulfone, and benzophenone. 

14. The polymer of Claim 12 wherein A or B is trialkyl- 
silylamino wherein the allcyl groups contain about l to 4 car- 
bon atoms and the other of A or B is an acid halide wherein 
the halide is chloride, bromide, or fluoride. 
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